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[ ] CizN 5/07 (2006.01)
[ hoC 8418 ) DURBS B E R S A1 Sa R T B T B (LA B 2 - I B
papesisty

[ 355 #%HH44%% ] METHOD AND APPARATUS FOR PREVENTION OF
THERMO-MECHANICAL FRACTURING IN VITRIFIED TISSUE USING RAPID

COOLING AND WARMING BY PERSUFFLATION

(3] ARSI RR MR LARAS 2 (persufflation) SRS AN BT R - FEEHB Y
HEBEAFME - THESERE LA BRI —TERER » Bl TIBHRES
FRERE - ARG R R R RS A B R B B LA M4 AR
MVZSE - MR A2 AR AR R (R B ERGEE R (cryoprotectant) Y 34 - Horp
ZERSVBERANELIZR 88 AR SR 5FR TR - &5 %
FRERBAVES - ZASTIRFAEIIRT - B REE TR - 71
RASHVE EAEEE WSS EEITE - DU — R RD &R AR S E A
HIMHEL - SalRES -

[ 3£32] A method and apparatus are disclosed for avoiding fracturing, e.g., thermo-
mechanical fracturing, in vitrified biological systems via rapid cooling and/or warming
persufflation techniques, by reducing the domain size of fracturing and by reducing
thermal gradients. Also disclosed is a system adapted to rapidly cool and warm
vitrifiable vascular biological tissue by persufflation, significantly reducing

cryoprotectant toxicity from that of surface cooled tissue, in which the system is

102123923 WY AQ202 1023253212-0
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conétrucfed and configured to use one or more of helium gas, hydrogen gas, neon gas,
argon gas, krypton gas, xenon gas, oxygen gas, or various gaseous compounds. The
system can be operated under pressure to increase the density and heat capacity of the
gas relative to its density and heat capacity at atmospheric pressure and to cool the gas
by one or more of mechanical action and by the phase change of a material such as a

cryogenic gas or solid.
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LI VIR

[Z9HREE ]
[PoCsa4tE])] DR SRR LA EA R TR W E (LB 2 H- N
BRI G AREE

[ 32372854 %% ] METHOD AND APPARATUS FOR PREVENTION
OF THERMO-MECHANICAL FRACTURING IN VITRIFIED TISSUE

USING RAPID COOLING AND WARMING BY PERSUFFLATION

[ Ffg <H 3]

[0001] 7% BH (%8 1 — KR (R ¥(cryopreservation)fy $5 & 4
JiiE

[0002] &% HA ¥ 5% 55 B BRI B 35 Z2(H 55 5iN0.61/805,875 » HIz%
H20135E3H27H » B8 Method and apparatus for prevention of
thermo -mechanical fracturing in vitrified tissue using rapid cooling
and warming by persufflation”) - 3£ | & 0% B 55 (R 55
5 N0.61/668,995» EHHFE H20124E7H6H > 8944 #%” Method and
apparatus for prevention of thermo-mechanical fracturing in vitrified
tissue by composite cryoprotection”) » DL f E R EEHS B 55 ZE(H 5
5%No0.61/668,998 - HHFE H20125E7H6H » & B4 %5” Rapid cooling of
biological systems by gas persufflation under pressure”)Hy{E S » F
MBEFEPFRAE » BHAL > GREAERHAEN S - KEHH
N E IR T3 61 55 EAHRE © A BIER B B9 55 3E(HH 55 9iN0.61/495,386 >
BHEE H20114E6 H10H » 85 4 %%” Method and apparatus for

102123923 KGR AQ202 10232532120
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prevention of thermo-mechanical fracturing in vitrified tissue by
composite cryoprotection”) » LA K 35 B B B R 55 ZE(HH 55
2No0.61/495,391 > EBHEE H20114£6 5 10H » 285 4% Rapid cooling of
biological systems by gas persufflation under pressure”) » bt EF]
EBRRIAE » BHFARS BB AREHRAFN—H T -

[ S A $in ]

[0003) FEARZFHNHEMEE RBPSER  FEXEZRNE
B BETERTZBERLETHNTBEARETB/NFEREX -

[0004] EEK L ARBENZESE ERERZSHEAN
A 0% 51 C Y8 1K 7 B #(ultra-profound hypothermia) - iIfi &5 & #
RIZBHREER—HERESRT  ZBAREEK - ERE BB
B - EER - HEEZRY - DU B AR SO BRACE Y
EEE > SERTERGFENBEESHEINSEE - EXE - ATERHSRER
{3 I BAAC Ha 88 R/ SR 085 » DASERIF SR iR A - AR R EA A ERY
BRI E - IR A E X (perfusion)IER TRTFHEE » NEEGHT
BT SRE - FRESNEAEREZRGEHREEB =X  HFBUKSFEM
E)RRERFBUNE -

[0005] FAFKMERERBENREFRFEHEBEEZEER
B R - RREEK - FERTFHR - A - HEdE > v
B o H O R R B € Bl(cry oprotective agents) s EAER/D &K - HIE
EREBALK BRAER - BESESEOHM(glycero)Z ZH A
%5 Hi(dimethylsulfoxide) - R F A/ NATEE &R > E IR H HFE A 7T HH

102123923 R AC2O2 1023253212-0
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B E L RS BENRE -

[0006] BELARE  HAEREIENROEC » XA H X ARH
BE ~ #E - FHKBl(ice blockers)» #i 3 % H(anti-freeze proteins) > J
DEEKE > H R E BT -

[0007] REMAEHERBHE(LME  EEUSE L TR TR
Ih o BB S E SRS E TSR EN AN ER - FRRK-EE
s BRR SR ER R R - 8B EK - TR K B—
FEH—FULHK  BRETI-HSEYWENREGY © BHERIB 4
HMSR A U EMEEE N2 EWRENYE - Gl -
B (sugar alcohols)~ B&iy - BEHE - BHEY MR HBEHEBR AR
& (nucleating sites k& KEYY)E » BI0FH K Bi(ice blockers)~ B EE
H(anti-freeze proteins)- BEEHBELREMENER B S INEE
WERIGER - ERTERANER  FREE T E S50 B &
HEHEL  FEFE  BRETFRESHESYRB AR — LR -
R 20— RFH—EERCEEE TR BWkEE
fe(vitrified) W A AN EHEELRE - HEHERE R EHEUREEH
EH S -

[0008] SS—MESRERFENER T EAEREE F(persufflation) o
RARELIRUL—ERBEA-BENIKE A &i(vasculature) » i R &1
HEMAE DERELIULFHHEAHOKISE — SR - BRI
BEEGH SR EBRARE LRGSR R A(hypothermia)E 4 - HBIIE
£ 3456 DURR 1B &(hydrogen sulfide)s, — & {bi#(carbon monooxide)

B3 - 327 SRR
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B8 5% S M 4% B80T I (mitochondrial respiration) s W E/H —EBE L
FEETASABEMASERTE  BHNARBENERME - SAK
If o

[0009] EEEINEAMERHN—BENRERRE  2EEHS
U 88 B SRR A DU AR iR B VA (hypothermia) « fE55— 5 H > B
WHEEEENEEEL FREERERFENBTF -

[0010] FFEE(LesEHAMEAMENE - B BRERIIE
FA B T B8 R S R Y 24 77 B $(thermo-mechanical fractures) 55— »
EAFERER TR aE K BANEESYE  UREELLLEE >
B LR -

[0011]) - I8 2 A4S R B BV UL SE S ik > B R B 4 4
B R GE SRS AEEAGERNEEEZR - S HAEEE R HA
FE o BB DR - FAEEEBRU T A EELESE > 8T
e R REE A BB -

[0012] 4HGBIHAMEE > FEEHSGRTHHE AR > 2RFLES
fylgk - —EEERE  EENEEERREE TRE TR —EERL
i 32 K Fr—B- TR - JEE BRI EALOR ¥ o W BE fu BT A ROK A%
®f(nucleation point)’ £ 2 ¥ F i (rewarming)i¥ » S IIG KR - &
RS ERERERTE - b4 EREEER TR TSR
H fE & IS AL A B S E A B A RIIRTE -

[0013] {EEIGERAFERIE > SEERRR > KK - EERE
19« R B E(destabilize)s # B(denature) ~ SEALBIE ~ HERAH 7
ZY(metabolic disruption) - EMNFEE » RIFELLNE-RERE TH

1021239238 HERYE AC202 1023253212-0
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ST - B% > RESMAE  BEAS  NEMESEAL - B
M o BREUS AT R ) B R R BUR R o R EE  dE

[0014] UE4) » R E WAL  FHEEERS A E
% (critical cooling rate) fER BB G LK » B H I EE R G4 K -
[FIEE - B K B LA R B (critical warming rate)Y@ &5k o & EG
FERBERAGLEK - TERSHER ) B TERISEEE | BUARMEE
7 6 P S 3 T L R R R - RG> BN TR RUS AR | B T
FORESR ) TR E R SRR - AR MR S S -
RIEBFEMAOEY > BRI 2 IS - 7 LT/ IS Y R (5
VRt E B KRR EEY -

CLI T
(0015] AT BRI AT oK » 4 £ 48 (6 0] 1569 2 50 2 (3 69 35
o DREAS  EREMSEAN ENESIN TRk g
BRI - ARRNRET— REBMEGRREE - EEY A
O gmmom - sranmms s iy mims s im0 s m ey s
FIFSEB AT A8 - BRSBTS A% (vasculature)d £ 55
A - WA T BBRAT  BREERE AN ELHEN - 5
RS B -
[0016] 4 Fi 5 9 3% 55 35 E(boiling pointf i A/(E 3B
B 58 8 cry oprotectant) e Y B 38 S B FE » 5 (8 F— 4 102
B (extracorporeal VS 058 + FE7E (U | AAIAIG » HEEEEE S

102123923 KERE AG202 1023253212-0
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A F R e R -

[0017] WSERBEEGES BB KAE - AIRBNEEEH
10 A SR B P R AT » S B T R D% 40 SR 8 P(orders
of magnitude) + & 5 8 92 & B ANC R BF BE3E % RAB ORI B (D) » XA
BREEERE R @R o TR I F A R ER B o UL T B0 A
S E > S E 0 5 L 2 % A0 R

[0018] A SB—ERAIGHR » B—EINDEE RS - L P32
SHRBR RS ERAERERERNAR > 0 — AR
A HEEBORR B RBO— TR - RKP I EE RS
s, HE LR 2R - BB A - RE
# (heat engine)st—{& S(cryogenic)ft A 5% [ 48 i 7 £ T b

[0019] 7 SHIEHE IR M — T % - ARSI (LA (L AR AE (S
S R P o B SR - AR U E R S A AR - A
RSB RS AR - TR IR LAY R BB B8 DI
BT EE - AR S —EPEe R REE > FIFRREEER
HANGEIEAE - BANEE CARNE- R - RRFREED
TR FE 5B S B A BT OB AT RS A+ B T T (L R Y B 7] T
5 o

[0020] ASHEMBERY —  BIRHE— R TRERENEHEE
(A4S > Pl B R (EA RS - EARE - Hit  KRRENE
(L4 » BIAE R 2B A T R mE) - Trs -

[0021] fRIEA I —FiEH - RE—EELHRBELLE -
CHT A S | — S (perfusate) B  F FR BB AT

102123923 SR ADZO2 1023253212-0
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BT —F8 » RO A BRI  — B R &
%8 (oxygenator) » GEBBFHE S5 A » 5L BE B SR EL M G081
BB S | — BRI SR MR » TR DU A S S B B
e 2 040 TR R T B © — RRARSEE B IO B — 35 T
MR -

[0022] 7K BIE 1 GIFR M ATK ISR R & » 35 B8 1 A S8 Y
& - RBARENLT  REENE - LR IE A I A hy 2

O 4 ssomnnss. sorsas  nesEsrem s - g

S o KBRS MRS - TR EES B S A
SO E RPN ER S - B TR AR Ha A S0 50k 5]
B ARG - BT RS - AT £SO -
¥R T T A B (U e 6~ BSOS B - 5 Bt ) EL A
1 8 B ST T -
CECELT)

B BT 5 I — B M SR A (L -

O l@ﬁﬁ%¢§%~%mmm%%%&ﬁﬁué@ﬁﬁﬁﬁ%

"Exl" o

B3 B AR 5 B B 1+ 7 400 1 610 B 2 5

SR -

B4 BT AR08 5 T — 0 1 — S B SR+ DL B Al A

Wy -

102123923 HEEEE A0202 10232532120
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[EiET]

[0023) DLTFHsE AN ERS  LEEEBEAFERORN - £
B HE G 0 B R RSB T R EL G - EEHME A - AR
SR ER G o fE— S BT o M8 E SR G T AR R P AURAEE - A
Bl ST R/ TR BEFEEEA T o A R AR T
o FE—EEG S o RN &E - kT A B R
FF>ZE Bl £ TH %l AESURBTFEEEER
EELMERG S ST UFREFEHEERER - ARHATHEREAR
B0 L 7 38 B B B (L R S DA R AR SR FT (F R Eo M ol - BLR TGRSR
=T HRARWRMAE  —RSES BN - SRERRHERN -
ASHEE AN S ERESNREARFEEAD -

[0024) AZBE—FHHIERT HENEARKNS > BELERE
BRFHAR - 1 0 FRERAEFET EBUNE - BORE—EH - &
FE i BB A EREE 0 B E R AEUEE VB FsR1T(banking) -
B4 > A AR P S B LA/ NGE & o B 40 Fl(heart valve) s BR
B (cartilage) > IR - MIFA LY - MILH AT SRAVBHRRT - T g
i R TS MR TR L E > R/SER BT RERTNER - B
BT TR ERREEEEE  BUEFNEREE
B (immunological matching)+ F-liBF RIAY B fEb - P40 - AR ERER
HHIREREN -

[0025) BTHIBBEN » EAF - TE8E 5 (organyEHIE(E
FEARE 20 E A% PIOERBRE - filw - B BFE - O
B - B - BERR (pancreas): B - KB - BREE - ALA - MR EHIE

<:v:ﬂ~w":

102123923 SR AQ202 ) 107232532120
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REE 2 - EMATHE

B ENIEEREE ARNEESE
My A4 Hg BL B (decellularized extracellular matrix)~ A iz 35 58

7 [=}
E (culturing organs )y A T Bl = ZE(artificial scaffolding)» DA K B ([ 4=

V)H G (organism) - FEFELEBEWENTEESEBER - TRiEN
aE  EEVA BB

ETEBRENEESGE4E
f#(animation) - KZEHR{T » HEM HHY

[0026] AZH—ERAIRE— 245 FMHREEICIEE M
O AR MR ECE AR BE - @il E) -

2 B 4 P e
BOsss G5 AE- B -

» H AT A B R
CERC &R MEER > HAREW
RIEEMBET > DA BNEEHELEE > 15

RARHY T A & H
B E > REMA—WE - Gl ERE 5 & o E B r A 21k -

[0027] BT LAlHR AR - 0 0] DU ¥ 4t (1 4] R

BEFROEC > fld - ERREEWNEE > Bl
S

e~ R
HSm R flaANE /L (sulfur hexafluoride) s (LS

=
Y (fluorocarbons) - £ & (Li¥(perfluorocarbons) * H &S
¥ (hydroflurocarbon)

S FH K IEE P (chlorofluorocarbons) « F &8 &
bk b & #(hydrochlorofluorocarbons)

[0028] 2 R &1 -

HERARBARH-FHOANREETILS
AGEHITTF RN EREEEE > B8

A
— LS —F
2RO B DUB B8 - — B3 38/ 4 B (oxygenator)3 - R A
M ZRBHNES

fEF (oxygenation)B( B f SR A8 » LA S #5080 /D 57 bk
RE#H > — IR EARE M B4 > THELUEA BER— SR 4

102123923 FHERY AG202

10232532120
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4 BSHIIRE 2SI BIIR - — IR RS - AR EIUURE - — KB
g7 —iRKEE RS -

[0029] A&IHEAMNIREAS - lRERE - K- EED
(S N BRI - S8R TTHE—RR PGSBS B(cryoprotectant
solution)3¥ » DUR/D RERE K - ZoREH ERFERZEBNERBE
1B REGE B AL B-130/EC) » EETERILEER  TERREVEIET
o ARG ARESEE - RENENZ — > ANERTHHEBENNSER
SHESRTT o BB T BEEYER AR REES -

[0030) 4A%&% - BE  MBEEHMEANE  SEFENEICHER
B BREEN TR BEESSEREY PO —F U LK B
T HI— s RS - AR ORI H
SHi(glycerol)s;, = F £ EE fl(dimethyl sulfoxide)) A2 EANMIMR © A2 2
R A EET B A MUK T E TP A & E(nucleating
sites)&E Ky ¥E - Bi4OPH K Bl(ice blockers)« /K4y R LB BN =1

HEB A AT B Py 0 T (RSE PG B DU AR 5 SV A& - EORPT R
BERERATEL  BETUR > BEXRR - BEBEIRKFRR R
M TR 0 AR A—BRERIRLEBNER - EFYEAR > TR
BRALGEBEELELEHHRNES B2 TR - EFR(vena

 cava) - HENAR - BEARAR - BRBIARFIIARAR - M E HIERSMERT
ffi(cardiopulmonary bypass surgery)—#% » E{ERHEIIH -

[0031)] — H#2a9 KRR BRI B RMERT &K d&
SR E > BB N B T — A BT > DUAATHSNER > R/BUE

4 B (S T S T B L A4 R > E LA A - AN BREV(ECR B S A . ET DL

102123923 HHRYE AQ202 1023253212-0
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FHE F#(noble gas BUIE M RAEIU > B RBELBERNEBERE
B> NEERIOREERER WA EBETHEL - SENER
TEEEARR &8 258 - 4% 88 #A&E 84 -

[0032] ZEBERIKE ZAAAIBBILES%E10%I4EE - 828 - 5
HEEHESE) - BIEH " BB (crush space); » B[ E B/ EEY
BER MR ES - a5/ B EAE S R F(domain size): HAEX
TR 2 T PR B (RE B A BB A R VL B - B R E L A Y B B AV EE
Pl BRTHEANRTEEHANEREENERE B 4EELW
SR - WA (EMBENEL - MABEREERSNEMAMERME -
B RLAF BORIR Y & B LR R B W B B T P R AR S FE BT - R e
Al MARRHALAEE  EHEERENRE  IREERE 4
LR R R BRAY AT RE 1 - EUHEBRNER T  CRBEB AWK
WER  BREEZEDZERES -

[0033] —EHEMHRBIAIKE 2445 POEEEHER - A% - =8
| B A B TS A (O B R S Y — O S
O ﬁﬂﬁﬁﬁiﬁﬁ%%%ﬁmiﬁﬁ?w‘%éﬂTﬁ B R B EE R/ — A AR K

BETRESH - T SA - H DUBE S R A R N — R

# 1T — Bt R AV 2B K (annealing) -

[0034] —HAAZBEREHERAER  20ERBE > 14

FIREES TFHHEE -

[0035] BE2BURRBAZHEHAINREE T E > LA

MEE - BRREET L > BEEAENFTE IR RENEEREL

EVE -k TR (R IREN

102123923 HHEYE A0202 1023253212~0
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g BB AT ERENSKER - FAREEE > EREMNE
=3 B (E 20062 K55 )7 S /Y2000 - M ERELL BNV IR BB R AR TR B
E10000% > (EEEERI L A ERERHREEENL/S -

[0036] AZBHMEHZ—  BEUSHARENESN  EITRRE
o DINEENEE - RERINBINSEERRBNHEZE - Al
FEEZENE > FEHUMABOEE  FEREBNREAE T ER
M E -

[0037] HRESE TH#TREETE  KRERERARERE
FE (1 4 A0 3 20 @ AR 48 R 1 A9 L BT S8 00 - BRAR A EFE202 6065 K
RIS HYE B KSR E R LFEEETE  SEARIITELSE
TEE -

[0038] 7EREE FAUREEE - tholth T AR E 1Y 2 Al B
B oo BRUEERF O AS A EERE - ERERER > HMERS
MY T REEFN > EEERE RBOREGRE > EEE
B EAGETRBET - I BB CEWERRYERREER
EEME - AYElE SRS MABEIMERANEERE L
REFELHE -

[0039] SREEIHSHEE  HNEHELSE  TURESE
4 PrC > WEILEE A AERRIOE 1006 - Kt - 2 AR BRI FE
B - TEKI0E1006F -

[0040] BTETHE ERERBERETBL > WETHR
B RS & & R ORI M S R S - BEAENEELSE  THEN

HRG AR RBR R » DB GEK - BERILER  FREFEFE

N|
/m
BH

102123923 HESY AQ202 10232532120
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BRAT NG ~ Bt HEEE Bf(radio frequency radiation)s SRS » RIE D
Koo EBE - BEITEGHIUBEE(hot spot)BREH K B R 1T 42 B
Hi B 7% Fl(runaway heating) - 230 » REEF I EH ORENE - F8
BEHE 28 > SRR E R -

[0041] ESEMRZERHIVERE - Ao R #
Fi(cryoprotectantJE L& E > MEUMEMKEHERMAN TR > B
EORPIER - BTN ZWERERGERNRE - —BERBRL2BRA

O B o (EOm P EE H  23E T AR B R B X #(blood substitute): FF
BHEAZE -

[0042] AREEBIHE M EI €& T FIRHAYE F(permutation) ~ &
f(iteration) » J/5( & #(repetition) » WARME : FIALBEELE
Bl E—FERENRERET  $EEECHRERYBELRENIEE
g - EEPEB T UZEMRBNAE  EEE-SERES T
HUAER 3 B B0 /K 73 - BIHIEIKEE SRR - 28 B s 4H B 0T LLE (21

- SEREVHE RARERNATHRE 2% - FHEEBLSETRR
O B8R 2% SR 88 A& 58 GE HELEYw - A&
{b Hi(sulfur hexafluoride) - & H% (L& ¥(fluorocarbons) « € &1k

i (perfluorocarbons) ~ F&E IR {E & P(hydroflurocarbon) ~ E&EMKILE
#)(chlorofluorocarbons) « G E & ML &
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